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1
NON-VOLATILE MEMORY VALIDITY

BACKGROUND

Non-volatile memory devices, €.g., as used in information
handling devices (“devices™) such as laptops, desktops, serv-
ers, tablets, e-readers, smartphones, etc., come 1n a variety of
forms. Non-volatile memory devices, e.g., non-volatile ran-
dom access memory (NVRAM), retain information when not
powered or energized. This 1s in contrast to volatile memory
devices, e.g., random access memory (RAM), that lose infor-
mation or are cleared when powered down or de-energized.

Additional types or varieties of non-volatile memory are
continually developed. For example, newer types of NVRAM
such as magneto-resistive random access memory (MRAM),
spin transier torque random access memory (STT-RAM), and
resistive random access memory (ReRAM or RRAM) are
now available. Each type of non-volatile memory has char-
acteristics that distinguish 1t from other types.

BRIEF SUMMARY

In summary, one aspect provides a method, comprising:
determining current validity timing of a non-volatile memory
device having changing validity timing via: writing informa-
tion to a non-volatile memory device; waiting a time after the
writing; and reading the information written to the non-vola-
tile memory device following the time.

Another aspect provides an information handling device,
comprising: a non-volatile memory device; a processor; and a
memory device storing instructions executable by the proces-
sor to: determine current validity timing of the non-volatile
memory device, the non-volatile memory device having
changing validity timing via: write information to the non-
volatile memory device; wait a time after the writing; and read
the information written to the non-volatile memory device
following the time.

A Turther aspect provides a program product, comprising:
a storage medium comprising computer readable program
code, the computer readable program code comprising: com-
puter readable program code configured to determine current
validity timing of a non-volatile memory device having
changing validity timing via: writing information to a non-
volatile memory device; waiting a time aiter the writing; and
reading the information written to the non-volatile memory
device following the time.

A still further aspect provides a method, comprising: read-
ing timing information written to a non-volatile memory
device; and determining validity of the non-volatile memory
device using the timing information read from the non-vola-
tile memory device.

The foregoing 1s a summary and thus may contain simpli-
fications, generalizations, and omissions of detail; conse-
quently, those skilled in the art will appreciate that the sum-
mary 1s illustrative only and 1s not intended to be 1n any way
limiting.

For a better understanding of the embodiments, together
with other and further features and advantages thereof, refer-
ence 1s made to the following description, taken in conjunc-
tion with the accompanying drawings. The scope of the inven-
tion will be pointed out in the appended claims.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 illustrates an example of information handling
device circuitry.
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FIG. 2 1llustrates another example of an information han-
dling device.

FIG. 3 illustrates an example method of determining
refresh timing using validity information of a non-volatile
memory.

FIG. 4 1llustrates an example of estimating a lifetime
expectancy of a non-volatile memory using validity informa-
tion of a non-volatile memory.

FIG. 5 1llustrates an example of determining if data 1s still
valid based on the last refresh time.

DETAILED DESCRIPTION

It will be readily understood that the components of the
embodiments, as generally described and 1llustrated in the
figures herein, may be arranged and designed 1n a wide vari-
ety of different configurations in addition to the described
example embodiments. Thus, the following more detailed
description of the example embodiments, as represented 1n
the figures, 1s not intended to limit the scope of the embodi-
ments, as claimed, but 1s merely representative of example
embodiments.

Retference throughout this specification to “one embodi-
ment” or “an embodiment” (or the like) means that a particu-
lar feature, structure, or characteristic described in connec-
tion with the embodiment 1s included in at least one
embodiment. Thus, the appearance of the phrases “in one
embodiment” or “in an embodiment” or the like 1n various
places throughout this specification are not necessarily all
referring to the same embodiment.

Furthermore, the described features, structures, or charac-
teristics may be combined in any suitable manner 1n one or
more embodiments. In the following description, numerous
specific details are provided to give a thorough understanding,
of embodiments. One skilled 1n the relevant art will recog-
nize, however, that the various embodiments can be practiced
without one or more of the specific details, or with other
methods, components, materials, et cetera. In other instances,
well known structures, materials, or operations are not shown
or described 1n detail to avoid obfuscation.

Newer types of NVRAM such as STT-RAM, MRAM, etc.,
have a tradeoil in that power 1s correlated to persistence of
information retention. Thus, if these memory devices use
higher power to write a bit, the bit will persist for a long time,
¢.g., for many years. However, 1f these memory devices use
minimal power, the bit may only persist for a short time, e.g.,
a few weeks. This leads to a problem with certain devices 1n
certain contexts. For example, for smaller/battery powered
mobile devices, e.g., smart phones, tablets, etc., the portable
battery powered devices battery may be depleted or removed
for about the same time (or more) as the persistence of the
non-volatile memory. It 1s desirable for devices to use the
persistence of the non-volatile memory but at the same time
minimize power consumed 1n doing so (and thus, €.g., mini-
mizing battery use). In order for the non-volatile memory
contents to be reliable, the contents are periodically read and
rewritten (refreshed). This technique 1s used in DRAM ifor
example, but the refresh frequency 1s much longer, perhaps as
long as a few weeks.

An embodiment provides methods to improve the quality
ol persistence of such non-volatile memory technologies. For
example, an embodiment determines how long the informa-
tion will persist in a non-volatile memory and uses this timing
information to determine refresh timing and/or predict the
expected life of the non-volatile memory. That 1s, an embodi-
ment may leverage information regarding the non-volatile
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memory’s ability to retain content as a predictor of the non-
volatile memory’s current status and 1ts remaining usetul life.

Using an embodiment, 1t may be determined how long
since the memory has been written or refreshed (as compared
to the expected life) to determine 11 the memory 1s still reli-
able. Depending on the determination regarding reliability, an
embodiment may refresh the memory or take other actions,
¢.g., provide an indicator of memory reliability (or lack
thereol), expect life span of the memory device, eftc.

The 1llustrated example embodiments will be best under-
stood by reference to the figures. The following description 1s
intended only by way of example, and simply 1llustrates cer-
tain example embodiments.

While various other circuits, circuitry or components may
be utilized 1n information handling devices, with regard to
smart phone and/or tablet circuitry 100, an example 1llus-
trated 1n FIG. 1 includes a system on a chip design found for
example 1n tablet or other mobile computing platforms. Sofit-
ware and processor(s) are combined 1n a single chip 110.
Internal busses and the like depend on different vendors, but
essentially all the peripheral devices (120) may attach to a
single chip 110. The circuitry 100 combines the processor,
memory control, and I/O controller hub all into a single chip
110. Also, systems 100 of this type do not typically use SATA
or PCI or LPC. Common interfaces for example include
SDIO and 12C.

There are power management chip(s) 130, e.g., a battery
management unit, BMU, which manage power as supplied
for example via a rechargeable battery 140, which may be
recharged by a connection to a power source (not shown). In
at least one design, a single chip, such as 110, 1s used to supply

BIOS like functionality and DRAM memory.

System 100 typically includes one or more of a WWAN
transceiver 150 and a WLAN transceiver 160 for connecting
to various networks, such as telecommunications networks
and wireless Internet devices, e.g., access points. Addition-
ally, one of the additional devices 120 1s commonly a short

[ 1

range wireless communication device, such as a BLUE-
TOOTH radio, or element(s) that may be used for near field
communications. Commonly, system 100 will include a

touch screen 170 for data input and display. System 100 also
typically includes various memory devices, for example tlash
memory 180 and SDRAM 190.

FIG. 2, for 1ts part, depicts a block diagram of another
example of information handling device circuits, circuitry or
components. The example depicted in FIG. 2 may correspond
to computing systems such as the THINKPAD series of per-
sonal computers sold by Lenovo (US) Inc. of Morrsville,
N.C., or other devices. As 1s apparent from the description
herein, embodiments may include other features or only some
of the features of the example 1llustrated 1n FIG. 2.

The example of FIG. 2 includes a so-called chipset 210 (a
group ol integrated circuits, or chips, that work together,
chipsets) with an architecture that may vary depending on
manufacturer (for example, INTEL, AMD, ARM, etc.). The
architecture of the chipset 210 1ncludes a core and memory
control group 220 and an I/O controller hub 250 that
exchanges information (for example, data, signals, com-
mands, et cetera) via a direct management 1nterface (DMI)
242 or a link controller 244. In FIG. 2, the DMI 242 1s a
chip-to-chip interface (sometimes referred to as being a link
between a “northbridge” and a “southbridge™). The core and
memory control group 220 include one or more processors
222 (for example, single or multi-core) and a memory con-
troller hub 226 that exchange information via a front side bus

10

15

20

25

30

35

40

45

50

55

60

65

4

(FSB) 224; noting that components of the group 220 may be
integrated 1n a chip that supplants the conventional “north-
bridge” style architecture.

In FIG. 2, the memory controller hub 226 interfaces with
memory 240 (for example, to provide support for a type of
RAM that may be referred to as “system memory” or
“memory”’). The memory controller hub 226 further includes
a LV DS interface 232 for a display device 292 (for example,
a CRT, a flat panel, touch screen, et cetera). A block 238
includes some technologies that may be supported via the
LVDS imterface 232 (for example, serial digital video, HDMI/
DVI, display port). The memory controller hub 226 also
includes a PCI-express interface (PCI-E) 234 that may sup-
port discrete graphics 236.

In FIG. 2, the I/O hub controller 250 includes a SATA
interface 251 (for example, for HDDs, SDDs, 280 et cetera),
a PCI-E interface 252 (for example, for wireless connections
282), a USB interface 2353 (for example, for devices 284 such
as a digitizer, keyboard, mice, cameras, phones, micro-

phones, storage, other connected devices, et cetera), a net-
work interface 254 (for example, LAN), a GPIO nterface

255, a LPC interface 270 (for ASICs 271, a' TPM 272, a super
I/O 273, a firmware hub 274, BIOS support 275 as well as
various types of memory 276 such as ROM 277, Flash 278,
and NVRAM 279), a power management interface 261, a
clock generator interface 262, an audio interface 263 (for
example, for speakers 294), a TCO interface 264, a system
management bus interface 265, and SPI Flash 266, which can
include BIOS 268 and boot code 290. The I/O hub controller
250 may include gigabit Ethernet support.

The system, upon power on, may be configured to execute
boot code 290 for the BIOS 268, as stored within the SPI
Flash 266, and thereafter processes data under the control of
one or more operating systems and application software (for
example, stored 1n system memory 240). An operating system
may be stored in any of a variety of locations and accessed, for
example, according to instructions of the BIOS 268. As
described herein, a device may include fewer or more features
than shown 1n the system of FIG. 2.

Information handling device circuitry, as for example out-
lined 1n FIG. 1 or FIG. 2, may be utilized 1n various devices
according to the embodiments described herein. For example,
the circuitry outlined 1n FIG. 1 or FIG. 2 may be utilized 1n a
mobile or other information handling devices having a form
of non-volatile memory with a limited life expectance or
reliability/validity period. For example, either or both of the
device circuitry outlined 1 FIG. 1 and the device circuitry

outlined in FIG. 2 may include a non-volatile memory such as
NVRAM, including but not limited to MRAM, STT-RAM,

ReRAM or RRAM, etc.

Referring to FIG. 3, as a consequence of determining the
validity of anon-volatile memory suchas NVRAM, arefresh-
ing of the NVRAM may be done according to validity infor-
mation. For example, an embodiment may access iforma-
tion regarding a time elapsed since a last refresh of a memory
(or portion thereof) at 301. This information regarding an
clapsed time may be obtained 1n a variety of ways, as further
described herein.

Having the elapsed time available, an embodiment may
then access validity timing imnformation for the memory at
302. The validity timing information may dictate the refresh
policy. For example, the validity timing information may
dictate that the memory 1s periodically refreshed, e.g., every
X weeks, days, months, etc. The refresh time may be some
fraction, e.g., 2 of, the validity time to insure that the refresh
1s done often enough. The validity timing information may be
predetermined, e.g., according to an estimate given the oper-
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ating characteristics of the particular memory device. For
example, a memory device may be known to retain content
reliably for a particular amount of time when content has been
written at a given power setting, etc. Alternatively or addi-
tionally, the validity timing information may be dynamically
updated or modified, e.g., as by virtue of testing the memory’s
ability to retain content over time. For example, a test bit or
bits may be written and tracked for changes over time 1n order
to establish the current or ongoing ability of the memory to
retain content written thereto 1n a variety of circumstances.

Irrespective of the source of the elapsed time since refresh
or the validity timing information, an embodiment may uti-
lize these to determine 1f the elapsed time since refresh
exceeds the validity timing information at 303, 1.¢., the time at
which a refresh should optimally take place (which also may
be referred to as refresh timing). If not, ¢.g., the memory has
been refreshed one week ago and the validity timing infor-
mation indicates that the memory contents will remain valid
for s1x months, an embodiment may cycle back and proceed
through the process at a later time, ¢.g., according to a policy.

Otherwise, 11 the time elapsed since the last refresh has
exceeded the refresh timing information, an embodiment may
refresh the memory at 304. The refreshing described herein
may be done 1n a variety of ways. For example, a refresh may
be done by the memory controller or by software running on
the main CPU of the system. In either case, the contents of the
memory are read and then written back, e.g., to the same
location, at 304.

Onthe other hand, referring to FIG. §, 1f the time period has
exceeded the validity time, 1.e., the refresh has not taken place
soon enough, the contents of the memory may be incorrect, so
the memory may signal an error condition at 502 and not
provide data. If the validity time has not been exceeded in
such a case, 1.e., the memory has been appropnately
refreshed, the memory may allow the read to proceed at 501.

In order for the memory controller (or other component or
components) to later know the time of the last refresh (and
therefore calculate or determine the elapsed time since
refresh), a refresh time may be recorded at 305. For example,
a time stamp with checksum may be recorded 1n a known
location 1n the NVRAM. During normal operation, this time
stamp may be periodically (for example once per hour) be
updated. This time stamp may be written 1n a variety of ways,
¢.g., by the memory controller or by a separate program
running on the CPU. Since the CPU and operating system
(OS) are running, 1t may be safe to assume that the NVRAM
contents are valid. Of course, 1t may be more eflicient and
accurate for the memory controller to do this, but this may
require the memory controller have access to a time source.
The memory controller may access a time source 1n a variety
of ways, e.g., by getting the time directly from a real time
clock, or the CPU could provide the time to the memory
controller as part of reset and initialization of the system.

On reset or startup or the system, the memory controller
may check this time and, using the current time, determine 11
the more than the expected validity time has passed since the
last refresh, as illustrated in steps 301-303 of FIG. 3. If 1t has
been too long since a last refresh, e.g., the elapsed time
exceeds the validity time to an extent that the memory con-
tents are considered not reliable; the memory controller may
invalidate the memory contents, €.g., as 1llustrated in FIG. 5 at
502. One possibility 1s to clear or set to zero all of the memory
locations so that the CPU can determine that no data has
persisted.

Alternately, the CPU could check the time stored 1n the
NVRAM at 305 and compare the elapsed time to the expected
validity time at 303. This would require that other memory be
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available to the CPU, e.g., during reset, so that the NVRAM
check and mmitialization code could be run before the
NVRAM contents were known to be valid. Such a hybrid
system, e.g., of DRAM and NVRAM, may be desirable for
other reasons. This tends to simplify the hardware design by
climinating the need for the memory controller to have access
to a time source (€.g., to know the value of the real clock time).

In addition to utilizing validity timing information to
appropriately refresh and/or invalidate the contents of non-
volatile memory, an embodiment may utilize validity timing,
information in order to estimate a lifetime expectancy of the
memory device itself. For example, similar to the process of
utilizing validity timing information for refresh, a memory’s
lifetime expectancy may be estimated 1n a variety of ways.
Thus, lifetime expectancy may be estimated during manufac-
ture and/or during operation. In other words, as a batch or lot
of NVRAM 1s manufactured, 1t may be tested to determine
the expected lifetime. A conservative estimate may then be
written for example 1n a known location in the NVRAM.

During operation, referring to FIG. 4, the preloaded or
otherwise previously determined lifetime expectancy infor-
mation, as described herein, may be updated by conducting
tests. For example, 1in areserved part of the memory, test bit(s)
are written at 401. Thereaftter, e.g., periodically or otherwise
according to a policy, the test bit(s) are read at 402 and
compared to expected values at 403, 1.¢., tested for validity to
make sure the data has persisted. If the data of the test bit(s)
changes, as determined at 403, then the lifetime expectancy
can be calculated or estimated at 405, ¢.g., based on this (and
like) data point(s). In an embodiment, some adjustment may
be made 1n the estimation to make the estimate conservative.
The updated expected lifetime or the original lifetime can be
used 1n the calculations above to determine 1f the NVRAM
contents are still valid as well.

I1 the contents of the memory are still valid, as determined
at 403, then an embodiment may wait a predetermined time at
404 prior to re-testing at 402 and 403. In this way, an embodi-
ment may determine 11 a memory 1s faithiully retaining data
and use such information to update a lifetime expectancy
estimate. For example, 1t 1s expected that a memory device
that retains content for decreasing time increments will have
a shorter remaining lifespan. Thus, an embodiment may pro-
vide such lifetime expectancy estimate or other indication
regarding lifetime expectancy during operation of the device
such that, e.g., a user may be apprised of the fact that a
memory device 1s failing, may soon fail, etc.

Accordingly, the various embodiments described herein
may be utilized to determine validity information regarding
content retention of non-volatile memory devices, e.g.,
NVRAM, etc. Given such information, an embodiment may
assist in the management of memory devices, €.g., choosing
appropriate refresh rates 1n different contexts and/or provid-
ing updated indications regarding lifetime expectancy of a
memory device.

As will be appreciated by one skilled 1in the art, various
aspects may be embodied as a system, method or device
program product. Accordingly, aspects may take the form of
an entirely hardware embodiment or an embodiment includ-
ing software that may all generally be referred to herein as a
“circuit,” “module” or “system.” Furthermore, aspects may
take the form of a device program product embodied 1n one or
more device readable medium(s) having device readable pro-
gram code embodied therewith.

Any combination of one or more non-signal device read-
able medium(s) may be utilized. The non-signal medium may
be a storage medium. A storage medium may be, for example,
an electronic, magnetic, optical, electromagnetic, infrared, or




US 9,087,569 B2

7

semiconductor system, apparatus, or device, or any suitable
combination of the foregoing. More specific examples of a
storage medium would 1include the following: a portable com-
puter diskette, a hard disk, a random access memory (RAM),
a read-only memory (ROM), an erasable programmable read-
only memory (EPROM or Flash memory), an optical fiber, a
portable compact disc read-only memory (CD-ROM), an
optical storage device, a magnetic storage device, or any
suitable combination of the foregoing. In the context of this
document, a storage medium 1s not a signal and “non-transi-
tory” includes all media except signal media.

Program code embodied on a storage medium may be
transmitted using any appropriate medium, including but not
limited to wireless, wireline, optical fiber cable, RE, et cetera,
or any suitable combination of the foregoing.

Program code for carrying out operations may be written in
any combination of one or more programming languages.
The program code may execute entirely on a single device,
partly on a single device, as a stand-alone software package,
partly on single device and partly on another device, or
entirely on the other device. In some cases, the devices may be
connected through any type of connection or network, includ-
ing a local area network (LAN) or a wide area network
(WAN), or the connection may be made through other devices
(for example, through the Internet using an Internet Service
Provider), through wireless connections, e.g., near-field com-
munication, or through a hard wire connection, such as over a
USB connection.

Aspects are described herein with reference to the figures,
which illustrate example methods, devices and program prod-
ucts according to various example embodiments. It will be
understood that the actions and functionality may be imple-
mented at least 1n part by program instructions. These pro-
gram instructions may be provided to a processor of a general
purpose information handling device, a special purpose infor-
mation handling device, or other programmable data process-
ing device or information handling device to produce a
machine, such that the instructions, which execute via a pro-
cessor of the device implement the functions/acts specified.

Asused herein, the singular “a” and “an” may be construed
as including the plural “one or more™ unless clearly indicated
otherwise.

This disclosure has been presented for purposes of illus-
tration and description but 1s not intended to be exhaustive or
limiting. Many modifications and variations will be apparent
to those of ordinary skill in the art. The example embodiments
were chosen and described 1n order to explain principles and
practical application, and to enable others of ordinary skill in
the art to understand the disclosure for various embodiments
with various modifications as are suited to the particular use
contemplated.

Thus, although illustrative example embodiments have
been described herein with reference to the accompanying
figures, 1t 1s to be understood that this description 1s not
limiting and that various other changes and modifications
may be affected therein by one skilled in the art without
departing from the scope or spirit of the disclosure.

What 1s claimed 1s:

1. A method, comprising;:

determining current validity timing of a non-volatile
memory device having changing validity timing via:

writing test information to a non-volatile memory device;

wailting a predetermined time after the writing; and

reading the test mformation written to the non-volatile
memory device following the predetermined time.
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2. The method of claim 1, wherein the test information
written to the non-volatile memory device includes timing
information.

3. The method of claim 2, wherein the determining com-
prises comparing the timing information to a current time.

4. The method of claim 3, further comprising:

determining that an elapsed time since a last refresh of the

non-volatile memory device exceeds a predetermined
time using the timing information and the current time;
and

performing a refresh of the non-volatile memory device.

5. The method of claim 2, wherein the determining 1s
performed by a memory controller.

6. The method of claim 1, further comprising:

determiming the current validity time has been exceeded;

and

providing an indication that the current validity timing has

been exceeded.

7. The method of claim 1, wherein the test information
written to the non-volatile memory device includes a test bit.

8. The method of claim 7, wherein the determining com-
prises comparing the test bit to an expected value.

9. The method of claim 8, further comprising:

determining that the test bit does not match the expected

value; and

updating a life expectancy estimate for the non-volatile

memory device.
10. The method of claim 1, wherein the non-volatile
memory 1s a memory device selected from the group of
memory devices consisting ol non-volatile random access
memory (NVRAM), magneto-resistive random access
memory (MRAM), spin transier torque random access
memory (STT-RAM), and resistive random access memory
(ReRAM).
11. An mformation handling device, comprising:
a non-volatile memory device;
a processor; and
a memory device storing instructions executable by the
Processor 1o:

determine current validity timing of the non-volatile
memory device, the non-volatile memory device having
changing validity timing via:

write test information to the non-volatile memory device;

wait a predetermined time aiter the writing; and

read the test mformation written to the non-volatile

memory device following the predetermined time.

12. The information handling device of claim 11, wherein
the predetermined information written to the non-volatile
memory device mcludes timing information.

13. The information handling device of claim 12, wherein
to determine comprises comparing the timing mformation to
a current time.

14. The information handling device of claim 13, wherein
the instructions are further executable by the processor to:

determine that an elapsed time since a last refresh of the

non-volatile memory device exceeds a predetermined
time using the timing information and the current time;
and

perform a refresh of the non-volatile memory device.

15. The information handling device of claim 12, wherein
the current validity timing 1s determined by a memory con-
troller.

16. The information handling device of claim 11, wherein
the mnstructions are further executable by the processor to:

determine the current validity time has been exceeded; and

provide an indication that the current validity timing has
been exceeded.
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17. The information handling device of claim 11, wherein
the test information written to the non-volatile memory
device includes a test bit.

18. The information handling device of claim 17, wherein
to determine comprises comparing the test bit to an expected
value.

19. The information handling device of claim 18, wherein
the 1nstructions are further executable by the processor to:

determine that the test bit does not match the expected

value; and

update a life expectancy estimate for the non-volatile

memory device.
20. A program product, comprising:;
a storage medium comprising computer readable program
code, the computer readable program code comprising:

computer readable program code configured to determine
current validity timing of a non-volatile memory device
having changing validity timing via:

writing test information to a non-volatile memory device;

wailting a predetermined time after the writing; and

reading the test mmformation written to the non-volatile
memory device following the predetermined time.
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